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Objectives. We assessed the effect on trends in hepatitis A incidence of the
1996 recommendation for routine hepatitis A vaccination of American Indian/
Alaska Native (AIAN) children.

Methods. We examined trends in hepatitis A incidence among AIAN peoples
during 1990–2001 and vaccination coverage levels among children on the largest
American Indian reservation.

Results. Hepatitis A rates among AIANs declined 20-fold during 1997–2001.
Declines in hepatitis A incidence occurred among AIANs in reservation and met-
ropolitan areas. Among 1956 children living on the Navajo Nation whose med-
ical records were reviewed, 1508 (77.1%) had received at least one dose of hep-
atitis A vaccine, and 1020 (52.1%) had completed the vaccine series.

Conclusions. Hepatitis A rates among AIAN peoples have declined dramati-
cally coincident with implementation of routine hepatitis A vaccination of AIAN
children. (Am J Public Health. 2004;94:996–1001)
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AIAN peoples, we analyzed national surveil-
lance data to characterize trends in disease in-
cidence in counties with large AIAN popula-
tions before and after the implementation of
routine hepatitis A vaccination of AIAN chil-
dren, and we assessed vaccination coverage
among children living on the largest Ameri-
can Indian reservation.

METHODS

Hepatitis A Vaccination
For this study, the period 1990–1996 was

defined as the period before implementation
of routine hepatitis A vaccination for AIAN
children, and 1997–2001 was defined as the
period during which routine vaccination was
implemented.

Hepatitis A Surveillance
All states require hepatitis A cases to be re-

ported to public health authorities, which in
turn report cases to the Centers for Disease
Control and Prevention’s National Notifiable
Diseases Surveillance System (NNDSS).8 The
case definition requires the presence of jaun-
dice or elevated aminotransferase levels and
either serological confirmation (positive for
immunoglobulin M antibody to hepatitis A

Historically, hepatitis A incidence has been
substantially higher among American Indians
and Alaska Natives (AIANs) than in other racial/
ethnic groups in the United States.1 In the
1980s, the lifetime risk of hepatitis A virus
(HAV) infection among AIANs living on reser-
vations and in Alaskan villages approached
90%.2,3 Reported cases of hepatitis A among
AIAN peoples during 1990–1995 accounted
for 5.0%–8.7% of all US cases, although
AIANs constituted only 0.86% of the total
US population. The high rates of hepatitis A
among AIAN peoples were largely the result
of periodic, communitywide epidemics on
reservations and in rural Alaskan communi-
ties. During a 1992–1993 outbreak in 25
rural Alaskan villages, the peak reported inci-
dence of hepatitis A exceeded 2000 cases
per 100000 inhabitants in a 12-month pe-
riod.4 Similar rates have been documented
during epidemics among AI populations living
on reservations.2 Although the epidemiology
of hepatitis A among AIANs living in urban
areas has not been as well characterized, dis-
ease rates consistently have been severalfold
higher than rates among persons of other
races/ethnicities living in the same areas.5

Hepatitis A vaccine was licensed in the
United States in 1995 and was first provided
to AIAN children in a pilot program imple-
mented by the Indian Health Service (IHS) on
several Northern Plains Indian reservations
during 1995–1996.6 In December 1996, the
Advisory Committee on Immunization Prac-
tices (ACIP) recommended routine vaccina-
tion of children in populations with high rates
of hepatitis A, including AIAN children.7 The
vaccine became available free of charge to
IHS healthcare facilities, after publication of
the ACIP recommendations and the parallel
Vaccines for Children (VFC) resolution,
through VFC funding to state health depart-
ments. To assess the effect of the ACIP rec-
ommendation on hepatitis A incidence among

virus) or an epidemiological link to a serologi-
cally confirmed case.9 During 1966–1989,
cases were aggregated by county, age, and
sex and were reported weekly to the Centers
for Disease Control and Prevention. Begin-
ning in 1990, demographic data that in-
cluded race/ethnicity, categorized as White,
Black, AIAN, or Asian/Pacific Islander, were
reported to NNDSS through the National
Electronic Telecommunications System for
Surveillance.

To analyze hepatitis A incidence among
AIAN peoples in urban areas, we identified
the 30 counties with AIAN populations
greater than 10000 in 1999, based on popu-
lation estimates compiled by the US Census
Bureau.10 We identified a subset of those
counties that contained large urban areas and
for which race/ethnicity was recorded for at
least 70% of hepatitis A cases reported to
NNDSS during 1990–2000. Nine urban
counties met these criteria and were included
in the analysis (2 counties each in Oklahoma
and Texas; 1 county each in Alaska, Illinois,
Minnesota, Nevada, and Washington).

To analyze hepatitis A incidence in rural
reservation communities, we initially selected
the 17 counties that included the 10 most
populous reservations (8 counties in Arizona;
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FIGURE 1—Hepatitis A incidence: American Indians/Alaska Natives and the general United
States population, 1990–2001.

3 each in New Mexico and South Dakota;
2 in Montana; 1 in Utah). Of these 17 coun-
ties, 3 counties in Arizona were excluded:
2 that included large metropolitan areas and
1 in which race/ethnicity was reported for
less than 70% of hepatitis A cases. The re-
maining 14 reservation counties were in-
cluded in the analysis. Because information
on race/ethnicity was not available in NNDSS
data before 1990, we calculated overall hepa-
titis A incidence during 1970–2001 for these
14 reservation counties to provide an esti-
mate of long-term hepatitis A incidence
trends in reservation communities.

Hepatitis A Incidence Trends
Overall age- and race/ethnicity-specific

hepatitis A incidence rates were calculated for
the United States and the selected urban and
rural reservation areas during 1990–2001
with 1990 and 2000 population denomina-
tors and midyear intercensal population esti-
mates.11–15 Rates of hepatitis A in rural reser-
vation counties before 1990 were calculated
with 1970 and 1980 population denomina-
tors and midyear intercensal population esti-
mates.16,17 Race/ethnicity-specific hepatitis A
rates were calculated for AIANs and for per-
sons of all other racial groups combined (non-
AIANs). Race/ethnicity-specific incidence in
rural reservation areas could not be calcu-
lated for 1993 because case reports from Ari-
zona did not include race/ethnicity.

Hepatitis A Vaccination Coverage Survey
The Navajo Area IHS system initially

began offering hepatitis A vaccine in 1996
for the cohort of children who were aged
2–12 years, and it currently provides the
vaccine to children aged 2–18 years. A hep-
atitis A vaccination coverage survey among
children aged 3–6 years living in the Navajo
Nation who received medical care from the
Navajo Area IHS system was undertaken
during June–September 2000. A systematic
random sample was selected from a list of
the children born between March 1, 1993,
and February 28, 1997, who had ever re-
ceived services at a Navajo Area IHS facility.
Current residence on the Navajo Nation was
determined by local public health nurse veri-
fication or by an IHS clinic visit during the
year before the survey (July 1, 1999, to June

30, 2000). Data were abstracted from the
medical chart, computerized health record,
and public health nursing vaccination record
of each child with a standard survey form.
During the period of time covered by the
survey, both 2-dose and 3-dose schedules
had been used to vaccinate children.6 Com-
pletion of the vaccine series was defined as
receipt of the first dose on or after age 24
months, with either at least a 5-month inter-
val between the first and second dose or, for
the 3-dose series, an interval of at least 1
month between the first and second dose
and at least 5 months between the second
and third doses.

RESULTS

Incidence Nationwide
During 1990–1996, annual hepatitis A in-

cidence among AIAN peoples nationwide
ranged from 41.0 to 104.9 cases per 100000
population—rates 3.5 to 10.2 times higher
than the overall US rate of 9.1–12.7 per
100000 (Figure 1). Incidence was highest
among AIAN children, ranging from 187.2
per 100000 in 1990 to 47.4 per 100000 in
1996 among children aged less than 5 years
and 299.4 per 100000 in 1990 to 77.9 per
100000 in 1996 among children aged 5–14
years (Figure 2). During 1997–2001, hepati-
tis A rates among AIAN peoples nationwide
declined 20-fold to 5.2 per 100000 in 2001,

compared with the 3-fold decline in the over-
all US rate to 3.9 per 100000. This decline
during 1997–2001 occurred among all age
groups of AIANs but was particularly marked
among children. Incidence among AIAN peo-
ples in 2001 was 1.9 per 100000 among
those aged less than 5 years and 1.0 per
100000 among those aged from 5 to 14
years.

Incidence in Urban Counties
The AIAN populations of the 9 urban

counties selected for analysis ranged from
7147 to 25 993 in 1990 and represented
0.24%–6.6% of the overall county popula-
tions. During 1990–1996, the annual hepa-
titis A incidence among AIAN peoples living
in these urban counties ranged from 15.5
to 101.7 per 100 000, 1.6 to 11.8 times
higher than the non-AIAN disease rates of
8.6–17.4 per 100 000 in these same coun-
ties (Figure 3a). Incidence was highest
among AIANs aged 5–14 years during
1990–1996, with a peak rate of 219.1 per
100000 reported in 1992 (Figure 3b). Hepa-
titis A incidence among AIAN peoples in
urban areas declined after 1996 to 2.0 per
100 000 in 2001, lower than the non-AIAN
rate of 2.8 per 100000. Incidence among
AIAN peoples declined in all age groups, with
no cases reported among AIANs aged less
than 5 years or aged 5–14 years during
2000–2001.
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FIGURE 2—Hepatitis A incidence among American Indians/Alaska Natives, by age group:
1990–2001.

Incidence in Rural Reservation Counties
In 1990, the AIAN populations of the 14

rural reservation counties represented
10.7%–94.2% of the overall county popula-
tions. The combined AIAN populations of
these counties represented 58.0% of all
AIANs living on reservations with popula-
tions of 5000 or more. During 1990–1996,
hepatitis A incidence during epidemic and in-
terepidemic periods was substantially higher
among AIAN peoples compared with non-
AIANs living in these reservation areas (Fig-
ure 4a). Incidence rates among AIAN peoples
ranged from 75.4 to 547.1 per 100000 and
were 4.7 to 30.4 times higher than the rates
of from 6.0 to 66.3 per 100000 observed
among non-AIANs. During this period, inci-
dence was highest among AIAN children,
with a peak rate of 1400.2 per 100000 re-
ported in 1990 among children aged 5–14
years (Figure 4b). During 1997–2001, hepa-
titis A incidence declined 26-fold among
AIAN peoples living in reservation counties,
from 26.5 per 100000 in 1997 to 0.0 per
100000 in 2001, compared with 4.7 per
100000 among non-AIANs. Rates among
AIAN children aged less than 5 years living
in reservation counties decreased during
1997–2001 from 15.1 per 100000 to 0.0
per 100 000 during 1999–2001 and
among children aged 5–14 years from 48.5
per 100000 to 0.0 per 100000 during
2000–2001. In 2001, the overall rate in
these counties of 2.9 per 100000 was the

lowest rate reported since 1973 (0.9 per
100000).

Navajo Nation Hepatitis A Incidence and
Vaccination Coverage

In the 2 counties that encompass a major-
ity of the Navajo Nation (Apache and Navajo
Counties, AZ), communitywide hepatitis A
outbreaks occurred every 4–7 years, with
a peak rate among AIANs of 717.7 per
100000 during the most recent outbreak in
1994. Overall disease incidence in these 2
counties during the interepidemic period
1985–1989 ranged from 25.3 to 69.8 per
100000. On the basis of the observed epi-
demic cycle, the next communitywide out-
break would have been expected to have oc-
curred by 1999. However, disease incidence
among AIANs in these counties remained
low, with rates of 8.7 per 100000 and
14.4 per 100000 during 1997–1998 and
0.0–1.0 per 100000 during 1999–2001.
The overall disease rate of 1.8 per 100000
in 2000 was the lowest ever reported in the
2 counties.

Of the 23590 children aged 3 to 6 years,
born during 1993–1997, who had ever re-
ceived services at a Navajo Area IHS facility,
1967 were selected for the hepatitis A vacci-
nation coverage survey and 1956 were in-
cluded in the analysis. Four hundred thirty-
four (22.2%) of the records initially selected
were replaced (273 because the children
had moved, 161 because the medical chart

was unavailable for review). Eleven dupli-
cate records were removed. Overall, 1508
(77.1%) children aged 3–6 years living on
the Navajo Nation in June 2000 had re-
ceived at least 1 dose of hepatitis A vaccine,
and 1020 (52.1%) had completed the hepati-
tis A vaccination series. The proportion of
children who received the first dose by 27
months of age was lowest among children 6
years of age (1.6%) and highest among chil-
dren 3 years of age (44.9%).

DISCUSSION

In 1996, routine hepatitis A vaccination
was recommended for preschool AIAN chil-
dren, with catch-up vaccination recom-
mended for older children up to 10–12 years
of age.6 National surveillance data demon-
strate a dramatic decrease in hepatitis A inci-
dence among AIAN peoples coincident with
implementation of these recommendations. In
2001, hepatitis A incidence among AIAN
peoples was over 20 times lower than at the
beginning of the decade. Provisional data in-
dicate that this decline in incidence was sus-
tained through 2002. The decline in hepatitis
A rates, seen in urban and reservation popu-
lations in all age groups, was greatest among
children. A decline of this magnitude and ap-
parent durability has not been observed in
the previous 30 years of national hepatitis
surveillance.18

The vaccine coverage survey documented
that most preschool-aged AIAN children liv-
ing on the Navajo Nation, the largest reser-
vation in the United States, have received at
least 1 dose of hepatitis A vaccine. In
Alaska, first-dose hepatitis A vaccine cover-
age levels among Alaska Native children
aged 24–35 months in 2000 ranged from
42% to 71% by census area (R. Singleton,
written personal communication). In addi-
tion, a 1999 survey of IHS vaccination pro-
viders nationwide indicated that 93.7% of
facilities offered hepatitis A vaccine to pre-
school- and 63.6% to school-age children.19

Although coverage among all AIAN children
may be lower than indicated by these clinic-
based analyses, taken together, these data
indicate that a substantial proportion of
AIAN preschool children have received at
least 1 dose of hepatitis A vaccine. Vaccina-
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FIGURE 3—Hepatitis A incidence in 9 urban counties, (a) among American Indians and
non–American Indians and (b) among American Indians/Alaska Natives, by age group:
1990–2001.
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tion coverage among school-aged children is
less well characterized but is likely to be
lower.

Before the introduction of vaccination, hep-
atitis A was highly endemic in AIAN commu-
nities. Large communitywide epidemics oc-
curred regularly and continued until the pool
of susceptible individuals was essentially ex-
hausted.2 After several years of low disease
rates, an outbreak would recur when a suffi-
cient number of susceptible persons had ac-
cumulated. Because of this pattern, essentially
all adults were immune to HAV infection, and
transmission was sustained primarily among
susceptible children.2,3,20

The results of our analysis indicate that the
level of immunity achieved among children

through vaccination has been adequate to
substantially reduce HAV transmission in
AIAN communities and to affect the pattern
of periodic communitywide outbreaks. These
findings are consistent with a previous study
that indicated that 1-dose hepatitis A vaccina-
tion coverage levels of approximately 80% in-
terrupted HAV transmission during a commu-
nitywide outbreak in rural Alaska Native
villages.4 However, the level of vaccination
coverage needed to sustain a reduction in
hepatitis A incidence, or to eliminate HAV
transmission and prevent epidemics rather
than simply delay them, is unknown. It is
likely that sustained vaccination of young
children will be necessary to maintain high
levels of population immunity and the low

disease rates currently observed in AIAN
communities.

Our analysis demonstrated a smaller reduc-
tion in hepatitis A incidence among AIAN
peoples living in urban counties compared
with those in rural reservation counties. As in
reservation communities, the greatest declines
in hepatitis A incidence among AIAN peoples
in urban counties occurred among children.
Little is known about hepatitis A vaccination
coverage among urban AIAN, but coverage is
thought to be lower among children living in
urban areas compared with those in rural
reservation counties. The majority of AIANs
who live outside of reservation communities
receive health care at non-IHS facilities,13,21,22

where the ACIP immunization recommenda-
tion for AIAN children may not have been
implemented as early or as widely as in facili-
ties in reservation communities, which serve a
predominantly AIAN population. It is also
possible that high rates of hepatitis A among
urban AIANs in the past may have been
linked to infections acquired because of con-
tacts between urban and reservation commu-
nities, where hepatitis A was more prevalent.
Thus, the decline in rates among AIAN peo-
ples in urban areas might be the result, in
part, of less HAV circulation in reservation
areas.

This ecologic study has potential limita-
tions. The counties included in the county-
level analyses were selected because they
were predominantly either rural or urban.
However, we did not have information on the
actual residence of cases within each county.
Although none of the rural counties con-
tained an urban area, misclassification could
have occurred if a case-patient reported from
an urban county resided in a rural part of the
county. Because national surveillance data
collected before 1990 did not include race/
ethnicity-specific reporting, long-term data on
trends in hepatitis A incidence among AIAN
peoples are limited. It is unknown whether
the peaks in hepatitis A incidence among
AIANs nationwide that were seen in 1990
and 1995 represent a cyclical pattern of
widespread epidemics. Hepatitis A incidence
among AIAN peoples began declining in
1995, before the implementation of hepatitis
A vaccination, and it is possible that the initial
decline seen in hepatitis A incidence was the
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FIGURE 4—Hepatitis A incidence in 14 rural counties, (a) among American Indians and
non–American Indians and (b) among American Indians/Alaska Natives, by age-group:
1990–2001.

result of a naturally occurring interepidemic
period. However, because the periodicity of
outbreaks varies among reservation commu-
nities, it seems plausible to attribute the sus-
tained low incidence of hepatitis A among
AIAN since 1997 to routine vaccination
rather than to multiple prolonged and simul-
taneously occurring interepidemic periods.

The majority of hepatitis A cases in the
United States are reported from communities
that have consistently elevated rates of hepa-
titis A and from populations that are not pre-
dominantly AIAN.1 The epidemiology of
hepatitis A in these communities differs from
AIAN communities in that the majority of
the population, including older adolescents
and adults, remains susceptible to HAV in-
fection. Nonetheless, children often have the
highest rates of disease and play an impor-
tant role in HAV transmission by serving as
sources of infection for susceptible adults in
these communities.23 In 1999, routine hepa-
titis A vaccination of children living in areas

with consistently elevated rates was recom-
mended as a long-term strategy to reduce
overall hepatitis A incidence.1 Overall de-
clines in national rates in recent years are
likely a reflection, at least in part, of the im-
plementation of this strategy.24,25

The remarkable decline in hepatitis A in-
cidence among AIANs coincident with in-
creasing hepatitis A vaccination coverage in-
dicates that there has been a fundamental
alteration in hepatitis A epidemiology in
AIAN communities. The disease has virtually
disappeared from areas that historically had
the highest hepatitis A rates in the United
States. Sustaining high levels of hepatitis A
vaccine coverage among AIAN peoples will
be critical for maintaining low rates of hepa-
titis A in this population.
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Child Health; The Legacy of Lead;
Environmental Chemicals and Pests;
Childhood Asthma; and Reducing
Environmental Health Risks. An
Appendix of activities to do with children
is included. 

Pediatricians, child health care practi-
tioners and parents will find this book an
invaluable resource.
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